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FLEXIBLE WIRING SUBSTRATE, METHOD
FOR ASSEMBLING FLEXIBLE WIRING
SUBSTRATE, AND METHOD FOR
MANUFACTURING LIQUID JETTING
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
Patent Application No. 2011-070072, filed on Mar. 28, 2011,
the disclosure of which 1s incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to flexible wiring substrates,
methods for assembling flexible wiring substrates, and meth-
ods for manufacturing liquid jetting apparatuses.

2. Description of the Related Art

Flexible wiring substrates connected to connection objects
and drawn out 1n a folded posture are conventionally known
in various technical fields.

For example, Japanese Patent Application Laid-Open No.
2009-056662 discloses a flexible wiring member (a flexible
wiring material) connected to an ink-jet head for jetting ink
respectively from a plurality of nozzles. The ink-jet head has
a piezoelectric actuator attached on the upper surface of the
head body 1n which the plurality of nozzles are formed. Fur-
ther, the upper surface of the actuator 1s connected with and
covered by a flexible wiring substrate with wires formed on a
tflexible base material. The flexible wiring substrate 1s drawn
out first in a planar direction parallel to the upper surface of
the actuator beyond the edges of the actuator, and then folded
in a direction perpendicular to the planar direction (an oppo-
site direction to the actuator side).

However, 11 the flexible wiring substrate disclosed 1n the
above Japanese Patent Application Laid-Open No. 2009-
056662 1s not folded at correct regions and thus not drawn
around 1n a correct posture, then an excessive bending stress
1s applied to the flexible wiring substrate, which thereby
becomes easily detachable from the connection object, and
comes 1n the way of assembly of other members to make 1t
difficult to assemble other members. Further, 1t 1s difficult to
visually determine whether or not the flexible wiring sub-
strate 1s drawn around 1n a correct posture.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to pro-
vide a tlexible wiring substrate easily testable as to whether or
not 1t 1s drawn around in a correct posture, a method for
assembling the flexible wiring substrate, and a method for
manufacturing a liquid jetting apparatus.

According to a first aspect of the present invention, there 1s
provided a flexible wiring substrate including: a flexible base
materal; a wire provided on the base material; and an 1nspec-
tion wire provided on the base materal, having an inspection
segment which breaks up under a condition that the inspec-
tion segment 1s folded with not less than a predetermined
curvature and a non-inspection segment which does not break
up under a condition that the non-inspection segment 1s
folded with not less than the predetermined curvature.

According to the first aspect of the present invention, 1t 1s
possible to detect whether or not the region of the base mate-
rial provided with the inspection segment 1s folded with not

10

15

20

25

30

35

40

45

50

55

60

65

2

less than the predetermined curvature by inspecting whether
or not the mspection wire 1s broken up. Therefore, 1t 1s pos-
sible to readily inspect whether or not the flexible wiring
substrate 1n a single-piece state 1s drawn around 1n a correct
posture according to the condition of the region of the base
material provided with the mspection segment.

According to a second aspect of the prevent ivention,
there 1s provided a method for assembling a flexible wiring
substrate configured to be connected to a connection object
and have a first region to be folded with a predetermined
curvature, the method including: connecting the flexible wir-
ing substrate to the connection object; bending and folding
the flexible wiring substrate; and determining whether or not
the flexible wiring substrate 1s folded at the first region,
wherein the flexible wiring substrate includes a flexible base
material; a wire provided on the base material; and an 1nspec-
tion wire provided on the base material, and having an 1nspec-
tion segment which breaks up under a condition that the
ispection segment 1s folded with not less than the predeter-
mined curvature and a non-inspection segment which does
not break up even under a condition that the non-inspection
segment 1s folded with the predetermined curvature; and
whether or not the flexible wiring substrate 1s folded at the
first region 1s determined by inspecting whether or not the
inspection wire 1s broken up.

According to the second aspect of the present invention, 1t
1s possible to mspect whether or not the flexible wiring sub-
strate 1s folded at the region provided with the inspection
segment by inspecting whether or not the inspection wire 1s
broken up. Therefore, 1t 1s possible to determine whether or
not the tlexible wiring substrate 1s assembled in a correct
posture.

According to a third aspect of the present invention, there 1s
provided a method for manufacturing a liquid jetting appara-
tus 1ncluding a tlow passage unit which 1s formed with a
liquid flow passage communicated with a nozzle for jetting a
liquid, a liqud jetting head including an actuator having a
drive electrode to apply jetting energy to the liquid 1n the
liguid flow passage, and a flexible wiring substrate to be
clectrically connected to the drive electrode of the actuator
and folded with a predetermined curvature, the method
including: connecting the flexible wiring substrate to the 11g-
uid jetting head; bending and folding the flexible wiring sub-
strate; and determining whether or not the flexible wiring
substrate 1s folded with the predetermined curvature, wherein
the flexible wiring substrate includes a tlexible base matenal;
a wire provided on the base material; and an ispection wire
provided on the base material, and having an ispection seg-
ment which breaks up under a condition that the inspection
segment 1s folded with not less than the predetermined cur-
vature and a non-mspection segment which does not break up
even under a condition that the non-inspection segment 1s
tolded with the predetermined curvature; and wherein the
inspection wire 1s connected to the drive electrode of the
actuator, and whether or not the flexible wiring substrate 1s
folded with the predetermined curvature i1s determined by
inspecting any breakup of the mspection segment based on
whether or not the liquid 1s jetted from the nozzle correspond-
ing to the drive electrode under a condition that an electric
current 1s applied to the mspection wire.

According to the third aspect of the present invention, 1f the
inspection wire 1s not broken up, then when an electric current
1s applied to the inspection wire, 1t flows on to the drive
clectrode, and thereby the liquid 1s jetted from the nozzle
corresponding to the drive electrode. On the other hand, 11 the
inspection wire 1s broken up, then when an electric current 1s
applied to the ispection wire, 1t does not flow on to the
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clectrode, and thereby the liquid 1s not jetted from the nozzle
corresponding to the drive electrode. Therelore, 1t 1s possible
to readily mspect whether or not the tflexible wiring substrate
1s folded at a correct region and drawn around i1n a correct

posture by inspecting whether or not the liquid 1s jetted from
the nozzle of the liquid jetting head.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view of an ink-jet printer in
accordance with an embodiment of the present invention;

FI1G. 2 1s a lateral view of an ink jet head observed from a
scanning direction;

FIG. 3 1s a plan view of a flow passage unit on which an
actuator 1s arranged;

FI1G. 4 1s a cross-sectional view taken along the line IV-1V
of FIG. 3;:

FIG. 5 15 a plan view of a COF;

FIG. 6 A 1s a partial enlarged view of part B of FIG. 5;

FIG. 6B i1s a partial enlarged view of part C of FIG. 5;

FIGS. 7A to 7C are diagrams for explaining an assembly
process of the COF;

FIG. 8 1s a plan view of an ink-jet head 1n accordance with
a first modification;

FIG. 9 1s a plan view of a COF 1n accordance with the first
modification;

FIG. 10 1s a plan view of a COF 1n accordance with a
second modification; and

FI1G. 11 1s a cross-sectional view of a COF 1n the thickness
direction in accordance with a third modification.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Next, a preferred embodiment of the present invention will
be explained. The embodiment 1s an example of applying the
present invention to an ink-jet printer for jetting 1nk to a sheet
of recording paper from an ink-jet head.

First, referring to FIG. 1, explanations will be made with
respect to a schematic configuration of the ink-jet printer of
the embodiment. As shown 1n FIG. 1, a printer 1 (a liquid
jetting apparatus) includes a carriage 2 configured to be recip-
rocatingly movable along a predetermined scanning direction
(a horizontal direction 1n FIG. 1), an ink-jet head 3 installed
on the carriage 2, a transport mechanism 4 for transporting a
sheet of recording paper P 1n a transport direction (downward
in FIG. 1) perpendicular to the scanning direction, and the
like.

The carriage 2 1s configured to be reciprocatingly movable
along two guide shafts 17 extending parallel to the scanning
direction. Further, the carnage 2 1s connected to an endless
belt 18 such that when a carriage drive motor 19 has driven the
endless belt 18 to travel, the carriage 2 moves in the scanning
direction along with the traveling of the endless belt 18.

Further, the printer 1 1s provided with a linear encoder 10
having a number of light transmission portions (slits) aligned
at intervals 1n the scanning direction. On the other hand, the
carriage 2 1s provided with a transmission-type photosensor
11 having light-emitting elements and light-receiving ele-
ments. Then, the printer 1 1s capable of recognizing a present
position of the carriage 2 1n the scanning direction from a
count value (the number of detections) of the light transmis-
s1on portions of the linear encoder 10 detected by the photo-
sensor 11 while the carriage 2 1s 1n motion.

The mk-jet head 3 is installed on the carriage 2, and has a
plurality of nozzles 30 (see FIGS. 3 and 4) 1n 1ts lower surface
(the surface on the back side of FIG. 1). The ink jet head 3 1s
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4

configured to cause the plurality of nozzles 30 to jet the 1nk
supplied from unshown ink cartridges to the recording paper
P transported downward in FIG. 1 (the transport direction) by
the transport mechanism 4.

The transport mechanism 4 has a paper feeding roller 12
arranged on the upstream side above the ink-jet head 3 1n the
transport direction, and a paper discharging roller 13 arranged
on the downstream side below the ink-jet head 3 1n the trans-
port direction. The paper feeding roller 12 and the paper
discharging roller 13 are driven to rotate by a paper feeding
motor 14 and a paper discharging motor 13, respectively.
Further, the transport mechanism 4 transports the recording
paper P from the upper side of FIG. 1 toward the ink-jet head
3 by means of the paper feeding roller 12 and, at the same
time, discharges the recording paper P on which images,
characters and the like are recorded by the ink-jet head 3 to the
lower side of FIG. 1 by means of the discharging roller 13.

Next, referring to FIGS. 2 to 4, the ink-jet head 3 will be
explained. Further, FIG. 2 shows an example of a COF drawn
around 1n an incorrect posture with chain double-dashed
lines. Further, the plan view of the ink jet head 1illustrated 1n
FIG. 3 shows a COF 50 arranged over an actuator 32 with a
chain double-dashed line, while omitting the illustration of an
FPC 65.

As shown 1n FIGS. 2 to 4, the ink jet head 3 (the liquid
jetting head) has a flow passage unit 31 1n which ink flow
passages are formed to include the nozzles 30, and the piezo-
clectric actuator 32 arranged on the upper surtace of the flow
passage unit 31 to apply a jetting pressure to the ink inside the
ink flow passages, while on the upper surface of the actuator
32, the COF 50 is connected with the FPC 65. Further, the
actuator 32 and COF 50 1n the embodiment correspond to the
actuator device 1n accordance with the present invention.

In the flow passage unit 31, there are formed four ink
supply ports 28 connected respectively to four unshown ink
cartridges, a manifold 33 being connected to each of the 1nk
supply ports 28 and extending along the transport direction, a
plurality of pressure chambers 34 in communication with
cach branch of the manifold 33, and the plurality ofnozzles 30
in respective communication with the plurality of pressure
chambers 34. The plurality of pressure chambers 34 are
aligned along the manifold 33 extending in the paper feeding
direction to form ten pressure chamber rows 8. Further, a
pressure chamber group 7 1s formed of two adjacent pressure
chamber rows 8 1n the scanning direction; thus, in the flow
passage unit 31, totally five pressure chamber groups 7 are
provided to align 1n the scanning direction. Further, among
the five pressure chamber groups 7, the two pressure chamber
groups 7 positioned on the right in FIG. 3 are the black
pressure chamber groups 7 supplied with the black 1nk from
the large 1nk supply port 28. Further, the three pressure cham-
ber groups 7 positioned on the left in FIG. 3 are the color
pressure chamber groups 7 supplied with the three color inks
(vellow, magenta and cyan) {rom the other three ink supply
ports 28, respectively.

The plurality of nozzles 30 1n respective communication
with the plurality of pressure chambers 34 pass through the
lower surface of the flow passage unit 31, and are aligned 1n
the same manner as the plurality of pressure chambers 34. On
the right 1n FI1G. 3, two nozzle groups are arranged 1n respec-
tive correspondence with the two pressure chamber groups 7
to jet the black ik, while on the left in FIG. 3, three nozzle
groups are arranged in respective correspondence with the
three pressure chamber groups 7 to jet the three color inks.

The actuator 32 has a vibration plate 40 joined together
with the flow passage unit 31 to cover the plurality of pressure
chambers 34, a piezoelectric layer 41 arranged on the upper
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surface of the vibration plate 40, a plurality of individual
clectrodes 42 provided on the upper surface of the piezoelec-
tric layer 41 to correspond to the plurality of pressure cham-
bers 34, and a plurality of input contact points 43 formed at
end portions of the plurality of individual electrodes 42.

When a predetermined drive signal 1s supplied to an 1ndi-
vidual electrode 42 from an aftermentioned driver IC 52 of
the COF 50, the actuator 32 utilizes a piezoelectric strain
arising 1n the piezoelectric layer 41 to give rise to a flexural
deformation in the vibration plate 40. This flexural deforma-
tion of the vibration plate 40 brings about a change 1n the
volume of the corresponding pressure chamber 34. Thereby,
a pressure 1s applied to the 1nk 1nside the pressure chamber 34
so as to jet the same from the nozzle 30 1n communication
with the pressure chamber 34. The plurality of input contact
points 43 are arranged to align at predetermined 1ntervals in
the paper feeding direction to correspond to the plurality of
nozzles 30 and, meanwhile, arranged to align in rows 1n the
scanning direction.

Next, referring to FIGS. 2, 5, 6 A and 6B, the COF 50 waill
be explained. Further, FIG. 5 shows only part of wires and
omits 1llustration of the rest. Further, the COF shown in FIG.
5 and FIGS. 6A and 6B 1s 1n a state of extending straight,
being not folded back as shown 1n FIG. 2.

As shown in FIGS. 2 and 5, the COF 50 has a zonal
insulating base material 51 made of a flexible synthetic resin
f1lm such as polyimide and the like, input terminals 53 formed
on both ends of the base material 51 1n the length direction, a
plurality of wires 54 to 38 formed of a metallic material such
as copper and the like on one surface of the base material 51,
and a plurality of bumps 46. Further, two drivers IC 52 are
installed on the one surface with the formed wires 54 to 58 of
the COF 50 to drive the actuator 32.

Each of the mput terminals 53 includes a plurality of ter-
minals 59 formed to align 1n the width direction of the base
material 51, and predetermined electric potentials are input-
ted to the plurality of terminals 59, respectively. Further,
among the plurality of terminals 59, terminals 595 represent
those at one end of the COF 50 1n the width direction (the left
end 1n FIG. 5), terminals 59¢ represent those adjacent to the
terminals 595, terminals 594 represent those adjacent to the
terminals 59¢, and terminals 59a represent the rest.

The wires 34 are formed on one surface of the base material
51, and electrically connect each driver IC 52 and the termi-
nals 59q of the corresponding input terminal 53. The wires 55
are also formed on the one surface of the base material 51, and
clectrically connect the drivers IC 52 and the bumps 46.

The wire 56 1s also formed on the one surface of the base
material 51 to extend 1n the transport direction on one side (on
the left in FIG. 5) to the region of arranging the plurality of
bumps 46 1n the width direction, and electrically connects the
two terminals 595 of the input terminals 53 at the both ends of
the base material 51 1n the length direction.

The wire 57 1s formed adjacent to the wire 56 also on the
one surface of the base material 31 to extend in the transport
direction on one side (on the left n FIG. 3) to the region of
arranging the plurality of bumps 46 in the width direction, and
clectrically connects the two terminals 39¢ of the input ter-
minals 33.

The wire 58 1s formed adjacent to the wire 57 also on the
one surface of the base material 51 to extend 1n the transport
direction on one side (on the lett in FIG. 5) to the region of
arranging the plurality of bumps 46 in the width direction, and
clectrically connects the two terminals 594 of the input ter-
minals 53.

The plurality of bumps 46 are arranged 1n planar form in
the center portion of the base material 51 in the length direc-
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6

tion 1n respective correspondence with the plurality of indi-
vidual electrodes 42 to form a connection region 60. This
connection region 60 of the base material 51 1s arranged to
cover the upper surface of the actuator 32, where the plurality
of bumps 46 are connected with the plurality of input contact
points 43 connected to the individual electrode’s 42 of the
actuator 32. Further, although the plurality of bumps 46 are all
provided 1n the connection region 60 1n reality, for simplify-
ing the figure, FI1G. 2 shows only part of the bumps 46 and
their connected mput contact points 43.

Further, the two end portions of the base material 51, which
continue into the connection region 60 and on which the
drivers IC 52 are 1installed, are folded back on the opposite
side to the actuator 32 (the upper side) to face the upper
surface of the actuator 32 across the connection region 60 and
apart from the connection region 60. By virtue of this, as
shown 1n FIG. 2, the COF 50 1s shaped into an approximate
clliptic ring (an upward open C-shape). Further, explanations
will be made hereinbelow by defining the regions of the base
material 51 facing the connection region 60 as opposite
regions 61, and the fold regions linking the connection region
60 and the opposite regions 61 as fold regions 62a and 625
respectively.

Then, a substrate support member 67 1s placed 1nside the
COF 30 formed 1nto the approximate elliptic ring. As shown
in FIG. 2, the substrate support member 67 contacts with the
lower surfaces of the opposite regions 61 1n a posture parallel
to the upper surtace of the actuator 32, and 1s bonded thereto
with an unshown adhesive. Then, the substrate support mem-
ber 67 supports from below the opposite regions 61 of the
COF 50 spaced apart from the connection region 60.

Then, the FPC 65 1s commonly superimposed on and con-
nected to the two 1nput terminals 53 provided at both ends of
the COF 50 (1n the opposite regions 61). By virtue of this, the
ink-jet head 3 is restrained from growing 1n size in the trans-
port direction, while the two 1nput terminals 53 are connect-
able to the single piece of the FPC 65. The FPC 65 1s drawn
out from the COF 50 in the horizontal direction (the scanning
direction), and connected to an unshown control board of the
printer 1. The control signal and the supply voltage for the
drivers IC 52 from the control board are inputted to the drivers
IC 52 of the COF 50 via the FPC 65. Then, based on this
control signal, the drivers 1C 52 generate a drive pulse signal
due to the drive potential and the ground potential, and supply
the same to input contact points 43 connected to the plurality
of individual electrodes 42 of the actuator 32 via the wires 55.

As shown in FIGS. 6 A and 6B, the wire 35 connecting the
drivers IC 52 and the bumps 46 has a uniform width through-
out the region in the length direction such that 1t will not break
up even 1i the base material 51 1s folded with not less than a
predetermined curvature. In this embodiment, the width of
the wire 55 1s about 15 um and the predetermined curvature 1s
provided so that the radius of the curvature 1s about 0.1 mm.
Further, although not shown in FIGS. 6 A and 6B, the wires 54
connecting the terminals 59a of the input terminals 53 and the
drivers IC 52 also have the same width as the wire 55 through-
out the region 1n the length direction.

The wire 56 forms wire segments 56a (non-inspection
segments) of the same width as the wires 54 and 35 in the
wiring portions formed in the connection region 60, the oppo-
site regions 61, and the fold region 625. Further, 1n the wiring
portion formed 1n the fold region 62a, an mspection segment
565 1s formed to extend 1n the folding direction, and has a
narrower width than the wire segments 36a such that it breaks
up when folded with not less than the predetermined curva-
ture. In this embodiment, the width of the inspection segment

566 1s about 10 um.
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The wire 57 forms wire segments 57a (non-inspection
segments) of the same width as the wires 34 and 335 1n the
wiring portions formed in the connection region 60, the oppo-
site regions 61, and the fold region 62a. Further, in the wiring
portion formed 1n the fold region 625, an 1nspection segment
57b 1s Tormed to extend in the folding direction, and has the
same narrow width as the inspection segment 565. That 1s, the
wires 36 and 57 are provided with the mspection segments
560 and 575 1n different portions of the two fold regions 62a
and 625 from each other, respectively.

The wire 38 forms wire segments 38a (non-inspection
segments) of the same width as the wires 54 and 55 in the
wiring portions formed in the two fold regions 62a and 625.
Further, 1in the wiring portions formed i1n the connection
region 60 and the opposite regions 61, inspection segments
58b are formed, respectively, and have the same narrow width
as the mspection segments 565 and 575.

Then, as shown 1n FIG. 2, 1n the folded posture of the COF
50 arranged on the upper surface of the actuator 32, because
the mspection segments 565 and 5756 of the wires 56 and 57
are broken up due to the two fold regions 62a and 625 folded
with a predetermined curvature, the terminals 595 and 539c¢ of
the mnput terminals 53 on both sides are not conductive
through the mspection segments 565 and 575 of the wires 56
and 57. Further, except the two fold regions 62a and 625, the
connection region 60 and the opposite regions 61 are not
folded, and thus the 1nspection segments 585 are not broken
up. Thereby, the terminals 594 of the mput terminals 53 on
both sides are conductive through the inspection segments
586 of the wire 58.

Next, referring to FIGS. 7A to 7C, explanations will be
made with respect to a process for manufacturing the afore-
mentioned ink-jet head 3. Further, since each of the processes
for manufacturing the flow passage unit 31, the actuator 32
and the COF 50 1s heretofore known conventionally, expla-
nations therefor will be omitted. The following explanations
will concern the process aiter manufacturing the flow passage
unit 31, the actuator 32 and the COF 50 through different
processes, respectively. FIGS. 7A to 7C only show the wires
56 to 58 among the plurality of wires 54 to 58, but omit
illustration of the other wires 54 and 55.

First, atter bonding the vibration plate 40 of the actuator 32
with an adhesive onto the upper surface of the tlow passage
unit 31 1n which the plurality of pressure chambers 34 are
formed and, as shown 1n FI1G. 7A, the input contact points 43
are connected to the bumps 46 by placing the connection
region 60 in which the plurality of bumps 46 of the COF 50
are formed onto the upper surface of the actuator 32 on which
the plurality of mput contact points 43 are formed (a connec-
tion process).

Thereafter, as shown 1n FIG. 7B, the upper surface of the
substrate support member 67 1s bonded to the lower surface of
the COF 50 with the adhesive by placing the substrate support
member 67 above the upper surface of the actuator 32, and
then folding back both side portions of the COF 30 in the
length direction onto the upper surtace of the substrate sup-
port member 67 with a predetermined curvature (a folding
pProcess).

Subsequently, as shown i FIG. 7C, conduction 1is
ispected for the wire 56 extending 1n the length direction of
the base material 51 (a first inspection process). As a method
for inspecting conduction, by utilizing a tester 70 and apply-
ing a predetermined electric potential to one of the two ter-
minals 595 connected respectively with both ends of the wire
56, 11 the same potential can be measured at the other termi-
nal, then the wire 56 1s conductive. Alternatively, various
inspection methods heretofore known conventionally may as

10

15

20

25

30

35

40

45

50

55

60

65

8

well be utilized such as the resistance value between the two
terminals 595 1s measured, and 1f 1t 1s almost zero ohm, then
the wire 56 1s conductive; etc.

At this time, 11 the wire 56 1s detected to be insulating, then
it 15 possible to determine that the fold region 62a, which 1s
provided with the mspection segment 565 of the wire 56, 1s
folded. On the other hand, if the wire 56 1s detected to be
conductive, then 1t 1s possible to determine that the fold region
62a 1s not folded with not less than a predetermined curvature.
In this manner, 1t 1s possible to inspect whether or not the COF
50 1s folded at the fold region 62a.

Thereatter, the same method 1s utilized to mspect the con-
duction of the wire 57 extending 1n the length direction of the
base material 51 (a second 1nspection process), and thereby
determining whether or not the fold region 625, which 1s
provided with the mspection segment 575 of the wire 57, 1s
folded. By virtue of this, 1t 1s possible to mspect whether or
not the COF 50 1s folded at the fold region 625 provided with
the mspection segment 575 of the wire 57.

Thereaftter, the same method 1s utilized to mspect the con-
duction of the wire 58 extending 1n the length direction of the
base material 51 (a third inspection process). At this time, 1
the wire 38 1s detected to be conductive, then 1t 1s possible to
determine that the connection region 60 and opposite regions
61, which are provided with the inspection segments 585 of
the wire 58, are not folded. On the other hand, 1f the wire 58
1s detected to be 1nsulating, then 1t 1s possible to determine
that the connection region 60 and the opposite regions 61 are
folded. In this manner, 1t 1s possible to inspect whether or not
the COF 50 1s folded at other regions than the two fold regions
62a and 62b.

From these three inspection results, 1f the wires 56 and 57
are detected to be msulating while the wire 58 1s detected to be
conductive, then the base material 51 1s folded at the two fold
regions 62a and 625 but not folded at the connection region 60
and the opposite regions 61. Accordingly, the COF 30 1s
determined to be folded correctly and thus assembled 1n a
correct posture.

On the other hand, it either the wire 56 or the wire 57 1s
detected to be conductive, or the wire 58 1s detected to be
insulating, then the base material 51 1s not folded at one of the
two fold regions 62a and 62b, or folded at the connection
region 60 and the opposite regions 61. Accordingly, the COF
50 1s determined to be not folded correctly and thus not
assembled 1n a correct posture (a determination process).
Further, the wires 56 to 58 1n the embodiment correspond to
the inspection wires 1n accordance with the present invention.
Then, with the COF 50 being assembled 1n a correct posture,
the manufacturmg of the ink-jet head 3 1s completed. Further,
the thin wire segments of the wire 58, which are subject to
breakup when folded with not less than the predetermined
curvature, may as well not be formed throughout the entire
connection region 60 and the opposite regions 61 but be
formed only in regions which are likely to be folded but
should not be folded (for example, regions on both sides to the
fold region 62a, and regions on both sides to the fold region
620).

By virtue of this, by inspecting the postures of the two fold
regions 62a and 626 of the COF 50 as well as the postures of
the connection region 60 and the opposite regions 61, 1t 1s
possible to accurately determine whether or not the COF 50 15
assembled 1n a correct posture. Further for example, because
it 1s possible to 1spect the posture of the COF 50 before
carrying out post-processes such as connecting the unshown
control board to the COF 50, supposing the COF 50 1s folded
in an incorrect posture as shown 1 FIG. 2 with the chain
double-dashed lines, 1f the COF 50 can still be reassembled,
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then 1t 1s possible to shorten the time required for the reas-
sembly by 1nspecting the posture of the COF 50 at an early
stage. Further, supposing the COF 50 cannot possibly be
reassembled, 1t 1s still possible to prevent waste of other
members to be assembled 1n post-processes by inspecting the
posture of the COF 50 at an early stage in manufacturing.

Further, by diminishing the widths of the mspection seg-
ments 565 to 585 of the wires 56 to 58 to less than those of the
wire segments 56a to 58a, 1t 1s possible to break up only the
ispection segments 5656 to 5856 provided in the fold regions
when the base material 51 1s folded with the predetermined
curvature.

Next, explanations will be made with respect to a few
modifications applying various changes to the embodiment
described hereinabove. Note that, however, the constitutive
parts or components, which are the same as or equivalent to
those of the embodiment, are designated by the same refer-
ence numerals, any explanation of which will be omitted as
appropriate.

In the embodiment, the folded posture 1s inspected with the
COF 50 folded after connected to the upper surface of the
actuator 32 bonded to the flow passage unit 31. However, the
COF 50 may as well be folded before connected to the actua-
tor 32, and connected to the actuator 32 after inspecting the
tolded posture. In this manner, 1t 1s possible to mspect the
tolded posture of the COF 50 even as a single piece 1n accor-
dance with the present invention. Therefore, inspecting the
posture of the COF 50 at an earlier stage 1n manufacturing
prevents waste of more members to be assembled 1n post-
Processes.

Further, in the embodiment, whether or not the wires 56 to
58 are broken up 1s inspected by 1nspecting the conduction of
the mspection segments 365 to 380 of the wires 56 to 38
provided 1n the COF 50 for mspective purposes. However,
being not limited to this, whether or not the wires 56 to 58 are
broken up may as well be inspected by, for example, detecting,
whether or not any 1nk 1s jetted from the nozzles 30 of the
ink-jet head 3. Hereinbelow, two modifications will be
explained. Further, the following explanations relate to meth-
ods for mspecting an breakup of the wire corresponding to the
wire 36 with the ispection segment 5656 1n the fold region
62a 1n the aforementioned embodiment. Explanations for the
wires 57 and 58 will be omitted due to the similarities.
(Modification 1)

As shown in FIG. 8, 1n a flow passage unit 131, other than
the ik flow passages including the pressure chambers 34 and
nozzles 30 utilized in the recording operation of the afore-
mentioned embodiment, ink flow passages (not shown)
including pressure chambers 134 and inspection nozzles 130
are also provided to be utilized only 1n mspection. Then, 1n an
actuator 132, individual electrodes 142 and mput contact
points 143 are provided to correspond to the nozzles 130,
respectively.

Then, as shown in FI1G. 9, a base material 151 ofa COF 150
1s provided with bumps 146 corresponding to the input con-
tact points 143, and a wire 156 connecting the bumps 146 and
the driver IC 352. This wire 156 corresponds to the wire 56 in
the aforementioned embodiment, and has an inspection seg-
ment of narrower width (not shown) provided in the fold
region 62a.

With such a configuration, in order to mspect whether or
not the wire 156 1s broken up, after the COF 150 1s connected
to an 1nk-jet head 103 composed of the tlow passage unit 131
and the actuator 132, and folded (after the connection process
and the folding process), the driver 1C 52 supplies a drive
pulse signal to the wire 156. In this case, if the 1nspection
nozzles 130 do not jet any ink, then the imspection segment of
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the wire 156 1s msulating, and thus the wire 156 1s broken up.
Thereby, 1t 1s possible to determine the fold region 62a of the
COF 150 to be folded. Further, if the imspection nozzles 130
jet ik, then the mspection segment of the wire 156 1s con-
ductive, and thus the wire 156 1s not broken up. Thereby, 1t 1s
possible to determine the fold region 62a of the COF 150 to be
not folded. Further, whether or not ik 1s jetted may be
detected by, for example, performing the operation for jetting
ink to the recording paper P, and then letting the operator
check the recording paper P either visually or with an image
sensor. Further, whether or not the inspection nozzles 130 jet
ink may as well be directly detected with a sensor.
(Modification 2)

The ink-jet head 3 1s the same as that in the aforementioned
embodiment. Then, as shown 1n FIG. 10, on a base material
251 of a COF 250, a wire 256 1s provided, and two wires 55
and 256 from the driver IC 52 are commonly connected to one
bump 46. This wire 256 corresponds to the wire 56 1n the
alorementioned embodiment, and has an inspection segment
of narrower width (not shown) provided 1n the fold region
62a.

With such a configuration, 1n order to ispect whether or
not the wire 256 1s broken up, after the COF 250 1s connected
to the mnk-jet head 3, and folded (after the connection process
and the folding process), the driver IC 52 supplies a drive
pulse signal to the wire 256. In this case, 1f the nozzles 30 do
not jet any ik, then the mspection segment of the wire 256 1s
insulating, and thus the wire 256 1s broken up. Thereby, 1t 1s
possible to determine the fold region 62a of the COF 250 to be
folded. Further, if the nozzles 30 jet 1nk, then the inspection
segment of the wire 256 1s conductive, and thus the wire 256
1s not broken up. Thereby, 1t 1s possible to determine the fold
region 62a of the COF 250 to be not folded. Further, whether
or not 1k 1s jetted 1s detected in the same manner as 1n the
modification 1.

In the above modifications 1 and 2, 1n the same manner as
in the alorementioned embodiment, it 1s also possible to
inspect whether or not the COF 150 and COF 250 are folded
at correct regions and drawn around 1n correct postures. Fur-
ther, 1t 1s still possible to shorten the input terminals 53 1n the
width direction without the need to increase the number of the
terminals 39 of the input terminals 53.

In the embodiment, on the same surface of the base mate-
rial 31, there are formed the wires 534 and 53 for driving the
ink-jet head 3, and the inspection wires 56 to 58 for inspecting
the folded posture of the COF 50. However, the wires 534 and
55 and the mspection wires 36 to 58 may as well be formed on
surfaces different from each other. By virtue of this, com-
pared with the surface with the formed wires 54 and 55 of the
base material 51, the opposite surface has a larger area in
which the inspection wires 56 to 58 are formable. Thereby, 1t
1s possible to provide the mspection wires 56 to 58 without
increasing the size of the base matenal 51.

Further, 1n the embodiment, the inspection segments 565 to
58b of the wires 56 to 58 are made narrower 1n width than the
wire segments S6a to 58a so as to break up when reaching or
exceeding a predetermined curvature. However, as long as the
inspection segments 565 to 585 are smaller 1n cross-sectional
area than the wire segments 36a to 58a, they may as well be
diminished 1n thickness, for example, and left unchanged 1n
width. Further, the inspection segments 565 to 586 may differ
in material from the wire segments 56a to 58a, and be made
of a material easy to break up when folded with not less than
a predetermined curvature (a material of lower strength, for
example).

Further, instead of adapting wires for easy breakup such as
the aforementioned diminishment of part of the wires in
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width, and the like, when a wire 356 1s formed on the surface
of a base material 351 as shown i FIG. 11, a projection
member 380 may be provided between a part of the wire 356
and the base material 351 to project that part of the wire 356
for the purpose of easy breakup (a third modification). At this
time, with the two sides of the base material 351 across the
projection member 380 as the centers of folding the projec-
tion member 380, 1{ the base material 351 1s folded back to the
opposite side to the surface provided with the projection
member 380, then compared with the case of not providing,
the projection member 380, a greater tensile force acts on the
wire 356 formed on the upper surface of the projection mem-
ber 380, thereby allowing the wire to break up easily. Further,
the projection member 380 and the projected portion of the
wire 356 due to the projection member 380 in the third modi-
fication correspond to the mspection segment 1n the present
ivention.

In addition, in the embodiment, whether or not the COF 50
1s Tolded at the two fold regions 62a and 625 1s inspected by
inspecting the conduction of the wires 56 and 57 and, further-
more, whether or not the COF 50 1s folded at the connection
region 60 and opposite regions 61 where 1t should not be
folded 1s mspected by inspecting the conduction of the wire
58. However, as wires for inspection, omitting the wire 58 and
only providing the wires 56 and 57, it 1s also configurable to
only mspect whether or not the COF 50 1s folded at the two
fold regions 62a and 625.

Further, 1n the embodiment, the COF 50 1s folded at both
sides 1n the length direction and has the two fold regions 62a
and 62b. However, it may as well be folded only at one side
and have one fold region, or be folded at three or more places
and have three or more fold regions. In these cases, it 1s
possible to inspect whether or not the COF 1s correctly folded
by providing as many wires for imspection as the number of
the fold regions and forming inspection segments of the wires
for inspection in all fold regions.

Further, although the present invention 1s applied to the
COF 50 utilized 1n a folded state, 1t 1s also possible to apply
the present invention to a COF utilized 1n an unfolded state. In
this case, 1t becomes possible to form mnspection segments of
the wires for inspection 1n regions where the COF gets folded
casily. By mspecting the conduction of the wires for inspec-
tion, 11 conductive, then 1t 1s possible to determine the COF to
be not folded at the regions where the COF gets folded easily.

Further, 1n the embodiment, both ends of the wires 56 and
57 with the 1nspection segments 565 and 575 provided 1n the
fold regions 62a and 625 are connected to the input terminals
53 at both ends of the base material 51 in the length direction.
However, they may as well be connected to one of the input
terminals 53.

Further, in the embodiment, the COF 50 1s connected to the
actuator 32, and sends the control and supply signals from the
control board to the drivers IC 52, and the drive pulse signal
outputted from the drivers IC 52. However, 1t may as well be
connected to a sensor, for example, and send the output signal
of the sensor. That 1s, the connecting objects ol the COF 50 are
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not limited to actuators, but may be any devices for inputting
or outputting electric current such as sensors and the like.

What 1s claimed 1s:

1. A flexible wiring substrate comprising;:

a flexible base material;

a wire provided on the base material; and

an mspection wire provided on the base material, having an
ispection segment which breaks up under a condition
that the mnspection segment 1s folded with not less than a
predetermined curvature and a non-inspection segment
which does not break up under a condition that the
non-inspection segment 1s folded with not less than the
predetermined curvature;

wherein the flexible base material 1s folded with not less
than the predetermined curvature at a region 1n which the
ispection segment of the ispection wire 1s arranged.

2. The flexible wiring substrate according to claim 1;

wherein the flexible wiring substrate 1s configured to be
connected to a connection object.

3. The flexible wiring substrate according to claim 1;

wherein the inspection wire 1s provided as a plurality of
inspection wires; the plurality of inspection wires have a
plurality of inspection segments; and the plurality of
ispection segments are arranged i a plurality of
regions different from one another on the base material,
respectively.

4. The flexible wiring substrate according to claim 1;

wherein the flexible wiring substrate 1s configured to be
connected to a connection object and the flexible wiring
substrate 1s not folded with not less than the predeter-
mined curvature at a region in which the inspection
segment of the imspection wire 1s arranged.

5. The flexible wiring substrate according to claim 1;

wherein the inspection wire 1s provided as a plurality of
inspection wires; the plurality of inspection wires have a
plurality of inspection segments; the plurality of inspec-
tion segments are arranged 1n a plurality of regions dii-
ferent from one another on the base material, respec-
tively; and the flexible wiring substrate 1s configured to
be folded with not less than the predetermined curvature
only at a part of the plurality of regions.

6. The flexible wiring substrate according to claim 1;

wherein the cross-sectional area of the inspection segment
of the inspection, wire 1s smaller than the cross-sectional
area of the wire.

7. The flexible wiring substrate according to claim 1;

wherein the cross-sectional area of the inspection segment
of the inspection wire 1s smaller than the cross-sectional
arca ol the non-inspection segment of the inspection
wire.

8. The tlexible wiring substrate according to claim 1;

wherein the wire 1s provided as a plurality of wires On one
surface of the base maternial;
and the mspection wire 1s formed on the other surface of

the base matenal.
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